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ETS2 Carbon Trading Explained:
Potential CO, costs and how to avoid them
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Dr.-Ing. Markus Proll “CENERGY

Authorized Signatory, Physicist, Head of Energy Concepts

Transfer of 15 years of research experience into
planning practice

Focus on multi-source systems, geothermal energy,
solar thermal energy, large storage systems

District heating systems "BEW/Heating Networks 4.0"

References in the field of energy concepts, industrial
analysis, district planning

Office Manager Munich

"Everything begins with free thinking.
Followed by the possible."
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Partner for energy efficiency and sector coupling
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Company Development “ENERGY =
From start-up to a highly regarded thought leader

Founded: 2020 as a start-up

Current employees: 30

Completed projects: > 180

Projects in progress: 40

2022 2025
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Whatis ETS2? ENERGY
e ETS2 isthe new EU Emissions Trading System
* [t complements the existing EU Emissions Trading System (ETS1)
* Objective: Reduce CO, emissions in sectors previously not covered
e Covered sectors now:
Road transport (petrol, diesel)
Buildings (heating with gas, oil, etc.)

e Start: from 2027 (maybe delay to 2028 depending on price of oil)

e Core idea: Putting a price on CO, to encourage more climate-friendly behavior



¢= MConsult

Papier-, Umwelt- und Energietechnik

How does ETS2 work? GOEON[?E/\IQ(EJ\I\(I

e A cap is seton total CO, emissions
e Each ton of CO, requires an emission allowance (certificate)
e Companies (e.g., fuel suppliers) must buy these allowances

e The number of allowances decreases each year > emissions go down

Impact:
Fossil fuels become more expensive
Incentives for:

* Energy savings

* Renewable energy

* More efficient technologies
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ETS1 vs ETS2 impact on Paper Industry “CENERGY

ETS2 mainly adds costs passed-through on transport fuels and non-ETS buildings or small sites

What it means for a paper

Dimension ETS1 (existing EU ETS) ETS2 (hew separate system)
company
: . . Large pulp & paper sites usually face
Power, heavy industry and maritime; Buildings, road transport and .
Covered : . o . ETS1 on core production; ETS2
.. paper mills with ETS-covered additional sectors, mainly small . . .
emissions stationary combustion are in scope industry not already in ETS1 mainly hits logistics, fleet fuel and
y Pe- y y ‘ non-ETS buildings.
. . . ETS1 is a direct compliance cost;
Point of Installation operator surrenders  |Fuel supplier surrenders allowances . :
L. ETS2 is usually passed through in
obligation allowances. upstream.

fuel invoices.

Mix of auctioning and free allocation

Allowance | for carbon-leakage sectors; indirect

allocation | electricity cost aid may existin some
Member States.

ETS1 can be partially cushioned by
All allowances auctioned. free allocation; ETS2 has no free
allocation for road/building fuels.
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ETS1 vs ETS2 impact on Paper Industry “CENERGY

ETS2 mainly adds costs passed-through on transport fuels and non-ETS buildings or small sites

What it means for a paper

Dimension ETS1 (existing EU ETS) ETS2 (new separate system) company

Smooth-start rules: extra auctions in
2027, reserve can release
Near-term Fully market-driven carbon price allowances above €45 (2020 prices)
price behavior " |in early years; start can slip to 2028
if 2026 gas/oil prices are
exceptionally high.

ETS2 should start less abruptly than
ETS1, but the pass-through still rises
as fossil fuels remain in use.

Truck diesel, sales fleets,
contractors' road fuel, and gas/oil in
warehouses/offices or small non-
ETS sites.

Typical cost Fossil CHP/boilers, lime kilns, site
driversin combustion, plus electricity-price
paper pass-through from the power market.

ETS1 is usually the bigger direct P&L
issue; ETS2 broadens carbon cost
into the supply chain.

Fuel switch, electrification, heat
Best recovery, biomass/biogas where
responses sustainable, benchmark efficiency,
power procurement strategy.

Transport efficiency, modal shift, |Decarbonise core heat first for ETS1;
EVs/biofuels, warehouse retrofits, | then tackle logistics and small-site
non-fossil heating. fuels for ETS2.
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Reducing CO, emissions and CO, costs in COODMEN =
Paper Industry ENERGY
A practical playbook

1. Fiber & Raw Material Stage (Upstream)

Concrete measures
* Increase recycled fiber content
e Optimize logistics and sourcing distances

e Use certified sustainable forestry (higher carbon sinks)

Example:

A corrugated plant increasing recycled content from 80% > 95% can reduce upstream CO,
footprint by ~10-20%
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Reducing CO, emissions and CO, costs in GOODMEN
Paper Industry ENERGY

2. Pulping & Stock Preparation

Concrete measures
* Install high-efficiency pulpers (direct drive) and refiners
* Use variable frequency drives (VFDs) on motors

* Optimize reject handling and fiber recovery

Example: Refiner optimization alone can reduce electricity demand by 10-25 kWh/t, which at €150/MWh =
€1.5-3.75/t cost saving
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Reducing CO, emissions and CO, costs in GOODMEN
Paper Industry ENERGY

3. Paper Machine (Core Process)

Concrete measures

* Increase dryness before dryer section through shoe press technology (higher dryness after press)

e Steam and condensate system optimization

* Improve runnability/decrease breaks by Advanced process control (e.g. Al-based moisture control)

Example: Increasing dryness from 45% > 50% before drying can reduce steam demand by ~15-20%
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Reducing CO, emissions and CO, costs in GOODMEN
Paper Industry ENERGY

4. Heat Generation & Energy System (BIGGEST LEVER) This is where ETS1 + ETS2 costs hit hardest

Levers

* Replace fossil fuels e.g. natural gas > biomass (wood chips, residues) or Biogas
* Use waste heat

* Electrify heat where possible

Examples:
- Switching a 50 MW gas boiler: Gas emissions: ~0.2 t CO,/MWh Annual: 300,000 MWh -> 60,000 t CO,
at €100/t > €6M/year ETS cost avoided
- A10 MW heat pump replacing gas: Saves ~15,000 t CO,/year at €100/t > €1.5M/year avoided carbon cost

- Selling excess heat to a district heating network > creates new revenue stream + improves CO, footprint
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Opportunity costs ETS2 until 2040. GRODIET =3

Real example from industry - based on current studies

Initial situation gopodmen customer (example) Opportunity Cost

8.400 - 3,5
+ 30 GWh of natural gas 5200 L
+ 7.4 GWh of electricity grid purchase 5200 s
8.100
+ Ariadne Study Forecast CO, Price ETS2 = 8.000 - 20 z
.. . g 7.0 15 &
+ Forecast CO, share of German electricity mix R, =
- 1,0
450 - 250 7.700
400 7.600 [ 05
350 - 200 7.500 0,0
300 2028 2030 2035 2040
* 250 - 150 I CO2 Gasint e CO2 Stromint Zertifikatspreise TEUR pa
o 2
o 200 S
- 100
. Cumulative CO, certificate costs until 2040:
100 B onpe
, v EUR 32 million
0 0 according to Ariadne's study
20282029 203020312032 2033 2034 2035 20362037 2038 2032 2040
Ariadne (€/t) = = = EWI(E/t) ===== Purpose Green (€/) g/kWh Strom
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ETSZ O n li n e TO O l CO; wird teuer. Was b;;det;utet ETS2 konkret fiir G O&[}g\é\é& E‘

Berechnen Sie die finanziellen Auswirkungen steigender COz-Preise auf thr
Unternehmen bis 2040 — in drei realistischen Szenarien.

www.CO2weg.de

o Jahrlichen Energieverbrauch eingeben

JAHALICHER VERBRALCH ERDGAS [GWH) JAHRLICHER EINKAUF STROM [GWH]

0 74

€
ir

Berechnen —

o Ihre COz-Emissionen: Strom vs. Erdgas

Strom-Emissionan sinken durch den Ausbau erneuerbarer Energien. Erdgas bleibl konstant bei 200 g
COz&Wh.

B CO:Erdgas [ CO:Strom

2.000

7.000
8.000
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4.000
3.000
2000
1.000

a

2027 2030 2035 2040

e Kostenentwicklung 2027-2040

Prognose der COx-Kosten — wie entwickeln sich die Szenarien anhand von Studien iber die Zeit?
B Seenario 1-Hoch [ Seenario 2-Moderat [ Szenarie 3 - Alternativ

28 MoE

24M0€ f



https://co2weg.de/
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Planning the journey SOREREY =

Transformation of energy supply

Demand Power Potentia arge leme
Recording analysis oncep enaria atio

Dampf Elektrolys
Ced

AN 185°C /12 bar eT‘ -
ﬁ{ { iw Erdgas / Biogas d E:
Energie- Erzeuger Medien Verbrakco&r }

Anforderungsreduktjo

trager n

g bar

Speisewasservorwarmung

] Brauchwasser
1,303

. Joghurtanwarmung
T 202

m Snumhetzing Geothermie
698 cothermie

5 < A

§ g

AN %
S

Prozess §

2 [P
4 Wl
////////////IIII///I/I/////////////II////I/I//;

Eiswasser Bestand

4,925 Gasheizung Produktion

W28
_ Olheizung Verwaltung
153

Strom H

Eiswasser Prognose
5,000

Prozess 2

Uberschuss Warme (Neuburg)
14,392

WP - Strom (Luft; 3.3 EER)
3,002

Erdgas

WP - Strom (Kaskade) Hegeneration
5,543

Prozess 1

Absorpti a —
ptions-Kaltemaschine 1
< k -

Sarnc.c
Umwandler / Erzeuger Speicher ! 4




CO2-Emission in %

Transformation path: CO, emissions

by calendar year
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GOODMEN =il
ENERGY 1=
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Decarbonization?

Objective:



Measures

Overview "Solution Builder"

Alternative energy sources:

Efficiency: Heat recovery

Biogas/H2/Biomass

Coupling Heat and Cold

Waste heat — heat pump Production (heat pump)

—— e o e o o= ——

~

Efficiency: Shifting loads

Use of high-temperature WP
(sources)
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GOODMEN =1
ENERGY =

Lowering process temperatures

(steam -> hot water)

Construction/participation/PPA
Electricity CO2 free



Goal: Closed Presentation Heat

From generation to consumption

Display greatly simplified
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ENERGY 1=

In order to assess the future
viability of the energy supply at the
site in terms of economic efficiency
and political framework conditions,
a complete summary of the
energy system is expedient.

Listed in each case in heat
quantity, power and temperature
level.

Forecasts can then be made on the
political and economic framework
conditions of the future



Heat energy balance: use of waste heat

Waste heat utilization and supply gap in heat demand

(I 02 Medien IST 04 Verbraucher
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Heat and Process cooling GOODMEN =1
Electronic industry

Microchip production — Munich city centre

ENERGY =

Quellbedarf und Deckung durch Brunnen
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Process heat for industrial area GOEONDEAIQCE;\N(

2 x10 MW heat pump at the sewage
treatment plant

1 x10 MW waste wood use class A1 and A2

2 x5 MW Power to Heat (1 x directly in the
biomass boiler)

Over 10 km of heating network
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